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Abstract
In order to know the precise quantity of catalase protein in acatalasemic and hypocatalasemic
blood, immunological studies were conducted using hemolysates or acetone extracts of those
blood as antigen. 1) The ratio of catalase contained in normal, hypocatalasemic and acatalasemic
blood, calculated from precipitates produced in the reaction between catalase antibody and hemolysates
was 1.0 : 0.5 : 0.07. 2) The ratio of catalase in normal, hypocatalasemic and acatalasemic blood,
calculated from precipitates from the catalase antibody and the acetone extracts was 1.0: 0.49
: 0.11. In the precipitin ring tests using acetone extract, the antigen titer in normal, hypocata-
lasemic and acatalasemic extracts was 40, 20, and 0 respectively. 3) From our experiments it can
be said that hypocatalasemic blood shows one half the catalase activity of normal blood, due to
one half the quantity of catalase protein, and that acatalasemic blood lacks catalase activity due to
the absence of the catalase protein. These findings strongly suggest that no substances exist which
suppress or inhibit the catalase activity in hypocatalasemic and acatalasemic blood.
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From recent studies, it is well recognized that acatalasemia1- li is a congenital
abnormality in which blood has no catalase activity and that hypocatalasemia6.1
where there is one half the catalase activity of normal blood, is the heterozygous
or genetic carrier of the acatalasemic gene.
In previous papers8•9. l1 we demonstrated that catalase protein was not found
in the extract (Stages 2 and 3 of HERBERT and PINSENT lO) of acatalasemic blood
when examined by paper electrophoretic, spectrophotometric and immunological
methods. However, in these experiments there is a possibility that some dena-
tured catalase protein might have been present in the sediment rather than in the
extract on treatment with the ethanol-chloroform mixture. To clarify this point,
we carried out experiments using normal, hypocatalasemic and acatalasemic
hemolysates as antigen and estimated the quantity of catalase protein in the blood
by the quantitative precipitin method. Also, acetone extracts obtained from
normal, hypocatalasemic and acatalasemic blood were used as antigen for the
quantitative estimation of catalase protein.
MATERIALS
Blood: Heparinized blood taken from the cubital vein of normal, hypocata-
lasemic and acatalasemic individuals was used. The red blood cells were separated
from heparinized human blood by centrifugation and washed three times with
saline solution. The cells were hemolyzed with three volumes of distilled water,
and the stroma was separated by centrifugation at 18,000 g and discarded. In
order to make the supernatant isotonic. 1 ml of 0.9 per cent saline solution was
added to 10 ml of the supernatant and this mixture was used as antigen.
Acetone Extract: The red blood cells were separated and washed as des-
cribed before. The cells were laked in 2 volumes distilled water and acetone
was added to 0.8 volume of laked blood suspension. After centrifugation, the
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precipitated hemoglobin was discarded. To collect catalase from the superna-
tant, acetone was added to the supernatant until precipitation was completed.
After centrifugation of the glass tube containing this material the precipitate was
freeze-dried into powder. After dissolving the powder in saline solution, the
insoluble material was separated by centrifugation and the clear supernatant
which contained the catalase activity was used as antigen for the test.
Anticatalase Rabbit Serum: To induce antibody formation, 1 ml of
Freund's adjuvane2 containing 2.0 mg purified human catalase (Stage 5 of Her-
bert and Pinsent) was injected intramuscularly weekly for 10 weeks. One week
after the last injection, blood was taken by cardiac puncture and the serum was
used as human catalase antibody.
METHODS
Quantitative Precipitin Test: 13.14 In order to make a standard quantita-
tive precipitin curve, 1 ml of the solution of purified catalase (Stage 5 of Herbert
and Pinsent) in various concentration was added to 1 ml anticatalase rabbit serum
in test tubes.
These test tubes were kept at 37°C for one hour, and then stored at 4-
10°C for 12 hours. The antigen-antibody precipitate obtained by centrifugation
was washed three times with cold saline solution. For the quantitative determi-
nation of protein in the precipitate, the method described by HEIDELBERGER and
MACPHERSON10, utilizing Folin-Ciocalteu's reageneO, was used. Thirty minutes
after the addition of Folin-Ciocalteu's reagent to the precipitate, the optical density
of the blue coloration was determined with a Beckman type spectrophotometer
at 700 m,u, and the tyrosine content was calculated from the optical density
value using a standard tyrosine curve. The nitrogen in the precipitate was deter-
mined by the following formula: mg nitrogen=mg tyrosine X 14.4 X 0.16. The
quantitative precipitin curve was drawn by joining several points, each of which
was obtained by plotting intersection of two axes indicating the amount of nitro-
gen in purified catalase and that of the corresponding precipitate.
For quantitative analysis of catalase protein using this standard curve, one
ml of normal, hypocatalasemic and acatalasemic hemolysate and acetone extract
was added to one ml of the rabbit catalase antibody. As described above, the
optical density value of these precipitates was determined and converted into
nitrogen value, and plotted on the ordinate axis. From this point a horizontal
line was extended to the standard curve and from the intersection a vertical line
was drawn to the abscissa. The distance from the point of the abscissa to the
origin represents the amount of nitrogen in the catalase protein in the antigen
solution.
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Precipitin Ring Test17: Precipitin ring tests were carried out with the
catalase antibody and the acetone extract from normal, hypocatalasemic and
acatalasemic subjects.
Catalase Activity. Determination of catalase activity in the blood and
acetone extract was conducted by our modification7 of VON EULER and jOSEPHSON18•
RESULTS
Quantitative Precipitin Curve between Purified Catalase and its
Rabbit Antibody:
The quantitative precipitin curve of purified human catalase against anti-
catalase rabbit serum is shown in Fig. 1. As in the case of bovine liver catalase,
0.1
0.1 0.2 0.3 0.4
mo catalaso N added
Fig. 1 Quantitative precipitin curve of purified human erythrocyte
catalase (Stage 5) with its rabbit antibody
the relationship between the nitrogen content of the antibody and that of antigen
in precipitates did not follow the Heidelberger and Kendall's equation13• There-
fore antibody/antigen ratio at the maximum precipitation zone was calculated
directly from the quantity of antibody nitrogen and antigen (purified catalase)
shown in dotted curve of Fig. 1. The ratio was found to be 0.52 mg N/0.12 mg
N = 4.4. This value of 4.4 was equal to that calculated from the catalase
molecular weight (23.6 X 104) and the rabbit antibody molecular weight (14.0 x
104) by Boyd and Hooker's formula17•
Catalase Protein in Normal, Hypocatalasemic and Acatalasemic
Hemolysates:
Fig. 2 illustrates the reaction of the hemolysate with anticatalase rabbit
serum using the quantitave precipition curve of Fig. 1. "Normal", "Hypo", and
"A" in Fig. 2 represent the amount of nitrogen in the precipitates from the cata-
3
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lase antibody and hemolysates of normal, hypocatalasemic and acatalasemic
blood. "N''', "H"', and "A'" represent the amount of nitrogen of the catalase
antigen measured from the quantitative precipitin curve. The ratio of catalase
protein contained in normal, hypocatalasemic and acatalasemic hemolysates was
1.0: 0.5 : 0.07, while the ratio of catalase activity showed 1: 0.5 : O. These
findings agree with the simple test tube observation of the antigen-antibody reac-
tion. The turbidity, when hypocatalasemic hemolysate is added to the catalase
antibody, was less than that observed with normal hemolysate reacted with
catalase antibody. In the case of acatalasemic hemolysate turbidity could hardly
be recognized.
/l! H'
0.01 0.02 0.03 0.04 0.05
mg catalase N added
Fig. 2 Reaction of normal, hypocata-
lasemic, acatalasemic hemolysate with ery-
throcyte catalase antibody
Normal=precipitate from normal hemoly-
sate
Hypo = precipitate from hypocatalasemic
hemolysate
A = precipitate from acatalasemic he-
molysate
A' H' N'
0.01 0.02 0.03 0.04 0.05
mg catalase N added
Fig. 3 Reaction of normal, hypo-
catalasemic, acatalasemic acetone extract
with erythrocyte catalase antibody
Normal = precipitate from normal acetone
extract
hypo = precipitate from hypocatala-
semic acetone extract
A =precipitate from acatalasemie
acetone extract
Hypocatalasemic and AcatalasemicCatalase Protein in Normal,
Acetone Extracts:
The immunological reaction of acetone extract with catalase antibody is
shown in Fig. 3. "Normal", "Hypo", and "A" represent the amount of nitrogen in
the precipitates from normal, hypocatalasemic and acatalasemic acetone extracts,
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and "N''', "H''', and"A'" indicate the amount of catalase nitrogen of acetone
extract. The ratio of catalase protein contained in normal, hypocatalasemic and
acatalasemic extracts was 1.0: 0.49: 0.11, while the ratio of catalase activities
was 1.0: 0.47 : O.
From the results shown in Figs. 2 and 3, it is to be noted that the quantity
and activity of catalase are always parallel even in the hemolysate and acetone
extract. Tables 1 and 2 illustrate the detailed data concerning Figs. 1,2, and 3.
Table 1 Precipitin reaction of purified catalase against its rabbit antibody for







Ratio of Antibody N
Antigen N Precipitated (Total N-AntigenN) to Antigen N
mg mg mg
0.006 0.136 0.130 21. 7
0.012 0.219 0.207 17.3
0.025 0.374 0.349 13.9
0.050 0.496 0.446 8.9
0.100 0.621 0.521 5.2
0.200 0.701 0.501 2.5
0.400 0.527 0.127




Amount of Antigen N measured
I
precipitated from the Quant. Prec. Curve
I
mg mg
Normal Hemolysate 0.365 0.024
Hypo. Hemolysate I 0.221 0.012
I
Aeat. Hemolysate 0.062 0.002
Normal Acetone Ext. 0.309 0.018
Hypo. Acetone Ext. 0.199 0.009
Acat. Acetone Ext. 0.065 0.002
Precipitin Ring Test between Acetone Extract and Catalase Antibody:
The findings in the ring test which was conducted between catalase anti-
body and acetone extract of normal, hypocatalasemic and acatalasemic blood
Table 3 Precipitin ring test of normal, hypocatalasemic and acatalasemic
acetone extract with erythrocyte catalase antibody
Antigen dilution I 5 I 10 I 20 I 40 I 80 I 160 I
Normal extract ttH ttH -Ht + - I
-
Hypocatalasemic extract tttI +H- + - -
I
-
Acatalasemic extract - - - - - -
I
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are shown in Table 3. In the normal and hypocatalasemic extracts, the precipi-
tin ring was found to be positive up to 40 and 20 times dilution of the original
solution respectively. In the case of acatalasemic extract, no precipitin ring was
observed.
DISCUSSION
From the previous experiments using paper electrophoresis and immunolo-
gical reaction, we assumed that catalase protein does not exist in acatalasemic
extract (Stages 2 and 3 of HERBERT and PINSENT) and that the absence of catalase
activity is due to the lack of catalase protein. In this experiment, we reconfirmed
it by the quantitative precipitin test, using hemolysate and acetone extract of
acatalasemic blood.
As to the deficiency of catalase protein in acatalasemic blood, the following
interpretations may be made. Generally it has been thought that the gene
responsible for catalase formation gives information for the catalase protein
templates. In the case of the acatalasemic gene, the alteration of DNA calls for
an extremely high structural change of the templates and consequently produces
an error in the biosynthesis of the catalase protein.
At present, phenylketonuria, tyrosinosis, alkaptonuria, albinism, and
galactosemia are well recognized as genetic diseases showing their deficiency
of enzyme activity. Among these inborn errors of metabolism, acatalasemia is
the only one which can be proven to be lacking enzyme protein. Furthermore,
it shoud be noted that, other than in hypocatalasemia, there has been no signi-
ficant example of the heterozygote showing clearly one half enzyme activity due
to one half the enzyme protein.
The results of our several approaches to solve the problems on catalase
protein in acatalasemic and hypocatalasemic blood will present some hints for
the concept of genetic control in enzyme sythesis.
CONCLUSION
In order to know the precise quantity of catalase protein in acatalasemic
and hypocatalasemic blood, immunological studies were conducted using hemoly-
sates or acetone extracts of those blood as antigen.
1) The ratio of catalase contained in normal, hypocatalasemic and aca-
talasemic blood, calculated from precipitates produced in the reaction between
catalase antibody and hemolysates was 1.0 : 0.5 : 0.07.
2) The ratio of catalase in normal, hypocatalasemic and acatalasemic
blood, calculated from precipitates from the catalase antibody and the acetone
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extracts was 1.0: 0.49 : 0.11. In the precipitin ring tests using acetone extract,
the antigen titer in normal, hypocatalasemic and acatalasemic extracts was 40,
20, and °respectively.
3) From our experiments it can be said that hypocatalasemic blood shows
one half the catalase activity of normal blood, due to one half the quantity of
catalase protein, and. that acatalasemic blood lacks catalase activity due to the
absence of the catalase protein. These findings strongly suggest that no sub-
stances exist which suppress or inhibit the catalase activity in hypocatalasemic
and acatalasemic blood. •
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